Hamster embryo cells were transformed by African green monkey lymphotropic papovavirus (LPV). The transformed cells contained intranuclear T-antigens demonstrable by fluorescent antibody staining with hamster anti-LPV serum. Analysis of uncloned and cloned lines of transformed cells for LPV sequences revealed that the viral DNA was present as free nonintegrated and integrated genomes; there were approximately 10 copies of free DNA and about one to two copies of integrated genomes per cell. The cells were highly tumorigenic when inoculated into hamsters and produced progressively growing tumors in 100% of newborn or 10-day-old hamsters that were inoculated with LPV-transformed cells. The serum from tumor-bearing hamsters reacted with LPV-transformed cells and also showed a weak reaction with simian virus 40-, BK virus-, and JC virus-transformed cells, thereby showing an antigenic relationship with the Tantigens of other primate polyomaviruses. The large T-antigen of LPV was found to be an 84,000-molecularweight protein which was immunoprecipitated by hamster anti-LPV (antiviral) as well as by tumor serum.
Hamster embryo cells were transformed by African green monkey lymphotropic papovavirus (LPV). The transformed cells contained intranuclear T-antigens demonstrable by fluorescent antibody staining with hamster anti-LPV serum. Analysis of uncloned and cloned lines of transformed cells for LPV sequences revealed that the viral DNA was present as free nonintegrated and integrated genomes; there were approximately 10 copies of free DNA and about one to two copies of integrated genomes per cell. The cells were highly tumorigenic when inoculated into hamsters and produced progressively growing tumors in 100% of newborn or 10-day-old hamsters that were inoculated with LPV-transformed cells. The serum from tumor-bearing hamsters reacted with LPV-transformed cells and also showed a weak reaction with simian virus 40-, BK virus-, and JC virus-transformed cells, thereby showing an antigenic relationship with the Tantigens of other primate polyomaviruses. The large T-antigen of LPV was found to be an 84,000-molecularweight protein which was immunoprecipitated by hamster anti-LPV (antiviral) as well as by tumor serum.
Lymphotropic papovavirus (LPV) is a new member of the polyomavirus genus which was isolated from African green monkey B-lymphoblasts in 1979 by zur Hausen and Gissmann (20) . Humans as well as many nonhuman primates have antibody to LPV, indicating widespread prevalence of closely related viruses among primates (4, 16) . Some of its biological and biochemical properties have been described (5, 16, 21) . Antigenically, it is distinctly different from other primate polyomaviruses but shares the common group antigen (16, 20) . It is unique in having a strict requirement for dividing B-lymphoblastic cells for viral replication. In hybridization experiments (9), the LPV genome was shown to share homology with simian virus 40 (SV40) and BK virus (BKV) only under low-stringency conditions, thus providing additional evidence of its relative unrelatedness to the known primate polyomaviruses.
Although LPV belongs to a family of well-known oncogenic viruses, its ability to cause tumors in animals or to transform cells in vitro has heretofore not been reported. After numerous attempts with a variety of different types of cells (hamster kidney and spleen, mouse kidney and spleen, rat embryo, human fibroblast, and cord blood lymphocytes), we have successfully transformed hamster embryo cells with LPV, and this report describes some of the properties of the transformed cells.
MATERIALS AND METHODS
Virus, cells, and medium. The LPV stock virus was a pool of nondefective virus obtained from molecularly cloned LPV DNA (16) , and the infectivity titer was ca. 106 50% infective doses per ml. For transformation experiments, early passage hamster embryo cells were used. Cells were grown in Eagle medium with 5% fetal bovine serum and antibiotics.
FA tests. The indirect fluorescent antibody (FA) procedure with fluorescein-conjugated goat anti-hamster immunoglobulin was used. Cells were grown on cover slips, and when ready for testing, they were washed with phosphatebuffered saline (pH 7.2), air dried, and then fixed in acetonemethanol (1:1). LPV antiserum was prepared by inoculation of 1-day-old hamsters with LPV. Hamsters were bled 2 * Corresponding author. 100 months after initial virus inoculation and at monthly intervals thereafter. The hamster anti-LPV serum contained antibody against structural proteins as well as against a nonstructural 84,000-molecular-weight (84K) protein, presumed to be the LPV T-antigen (14) . This serum was used to monitor infected hamster embryo cells for transformation.
Immunoprecipitation of LPV T-antigens. 12 ,000 x g for 3 min at 4°C. The supernatant fluids were reacted with LPV antiserum for 1 h at 4°C, followed by precipitation of the immune complexes with Formalin-fixed Staphylococcus aureus according to the method of Kessler (10) . The immunoprecipitates were electrophoresed in 12.5% sodium dodecyl sulfate-polyacrylamide gel according to Laemmli (11) and fluorographed by the method of Bonner and Laskey (6) .
Detection and analysis of LPV DNA in LPV-transformed cells. Total cellular DNA was prepared from transformed cells by the method of Blin and Stafford (2) . Free 
RESULTS
Transformation of hamster cells by LPV. Early passage hamster embryo cells (passage 3) were seeded into a 75-cm2 flask and infected with LPV the following day when the culture was subconfluent. The culture was fed with fresh medium every third or fourth day, and when cellular growth became very dense, the culture was trypsinized and split at a 1:2 ratio. At the same time, cover slips were also prepared for FA staining. Two weeks after initial infection, a few positive cells (less than 1 in 103) were noted with bright intranuclear fluorescence. The number of positive cells remained at this low level through the next six passages. After 10 weeks, colonies of morphologically altered fibroblast-like cells were seen. These formed dense, tightly packed cells, and when the culture was trypsinized and reseeded into new flasks, they became the predominant cell type. The cells, which now had the altered growth and morphological properties of transformed cells, were designated LPV-HE.
T-antigens of LPV-HE detected by FA. LPV-HE cells grown on cover slips were reacted with hamster anti-LPV serum. It has been previously reported (14) that this serum immunoprecipitated LPV structural proteins and an 84K protein which was thought to be the large T-antigen of LPV. FA tests of LPV-HE transformed cells showed 100% of the cells to be positive for intranuclear T-antigens ( Fig. 1 ). This result clearly showed that the cells were indeed transformed by LPV. It has previously been thought that the T-antigens of LPV were different from those of SV40, BKV, and JC virus (JCV) (16, 20) based on the finding that T-antisera of these viruses failed to react with LPV-infected cells. However, when LPV-HE transformed cells were tested with Tantisera against these viruses, weak, but definitely positive, reactions were observed. Thus, it appears that the T-antigens of LPV are immunologically related to those of the other primate polyomaviruses.
Growth properties of LPV-HE. The LPV-HE cells were tested for some of the properties common to transformed cells. These were: (i) colony formation on solid substrates, (ii) colony formation in soft agar, and (iii) growth in medium containing low serum concentrations.
(i) Colony formation on solid substrate. During early passages (up to 10 passages), the LPV-HE cells failed to form colonies when single cells were plated onto plastic dishes. Cells divided very slowly and migrated away from each other; they thus appeared to behave like normal cells. After 10 passages, however, ca. 5 to 10% of the plated cells formed colonies. Most of the colonies consisted of fibroblastic cells, but a rare colony of compact, epithelial-like cells was also observed. A single colony of each type of cell was selected and grown for further study. These were designated as LPV-HE (F) and LPV-HE (E) for the fibroblastic and epitheliallike cells, respectively (Fig. 2) . FA tests of both types of cloned cells showed that they contained the intranuclear Tantigens when reacted with anti-LPV hamster serum.
(ii) Colony formation in soft agar. The LPV-HE (F) and (E) cells were tested for ability to form colonies in soft agar. The method and conditions described by Rubin et al. (13) were used. The number of colonies formed after 15 days was determined. Both (E) and (F) cells grew poorly in agar, and the number of colonies was low. Only 0.5% of the (F) cells plated under agar formed colonies; for the (E) cells, the efficiency of colony formation was even lower, and only 0.01% of the cells grew.
(iii) Growth in medium with low serum concentration. The growth of LPV-HE (E) and (F) cells in medium containing high (10%) or low (3%) serum concentrations was compared together with control, untransformed hamster embryo cells at the sixth passage. The cells were initially seeded at a concentration of 104 cells per 60-mm dish. After 24 h, one group of plates received medium containing 10% serum, and another group received medium containing 3% serum. Cells were trypsinized and counted, and the total number of cells per culture was determined every 2 days. In medium with 10% serum, transformed cells as well as normal cells grew at the same rate for the first 4 or 5 days (Fig. 3) . At this time, normal cells reached saturation density and growth ceased, but the (E) and (F) transformed cells continued to grow to reach saturation densities of 107 cells per dish, which was about 30 times greater than that of the untransformed cells.
In medium with 3% serum, normal cells failed to grow, and the LPV-HE (E) and (F) cells grew almost as well as in medium containing a high serum concentration. The (E) cells grew slightly slower than the (F) cells in low serum medium, and the saturation density was also less than that of the (F) cells.
Rescue of LPV from transformed cells. Experiments to demonstrate infectious LPV in transformed cells were negative. Cell-free extracts of LPV-HE cells were prepared by freezing and thawing 107 cells in 3 ml of phosphate-buffered saline, followed by centrifugation at 10,000 rpm for 10 min. The tumor-bearing hamsters were bled, and pooled serum was tested for T-antibody by the FA test by using LPV-HE cells on cover slips. The T-antibody titer was 1:160. FA antigenic relationship of the T-antigens among these primate polyomaviruses. The staining was weaker in these heterologous reactions, and the serum titer was only 1:20.
A tumor was removed and established as a tumor cell line. The cells contained intranuclear T-antigens when tested with LPV tumor serum, and when inoculated into five adult hamsters, all developed rapidly growing tumors within 3 weeks. Serum from these animals was also positive for LPV T-antibody.
Immunoprecipitation of LPV T-antigens. Immunoprecipitation of the T-antigens in LPV-transformed cells was performed to determine the size and nature of the antigens.
[35S]methionine-labeled LPV-HE (E) and (F) cell extracts were immunoprecipitated with LPV antiviral serum and electrophoresed in sodium dodecyl sulfate-polyacrylamide gels. An 84K protein was immunoprecipitated from both the (E) and (F) transformed cells (Fig. 4, lanes 3 and 5) ; these bands comigrated with the 84K protein detected in lytically infected cells (lane 1). LPV T-antiserum from tumor-bearing hamsters also immunoprecipitated the 84K protein (lane 6). Small T-antigen was not detected. The 84K protein in transformed cells therefore appears to be the large T-antigen of LPV and is the same size as that which was previously reported in LPV-infected cells (14) . The 41K (VP-1), 35K (VP-2), and 26K (VP-3) structural proteins were not detected in transformed cells. This is consistent with our failure to detect infectious virus in the transformed cells.
To determine the antigenic relationship of the T-antigens of LPV and SV40, the same labeled extracts from LPV-HE (F) cells were immunoprecipitated with SV40 hamster T-antiserum. A small amount of 84K LPV T-antigen was precipitated by the SV40 T-antiserum (Fig. 4, lane 7) , indicating a weak cross-reaction with LPV T-antigen. This correlates with the previous observation that SV40 T-antiserum reacts relatively weakly with LPV-transformed or -infected cells by the FA test.
Detection and analysis of LPV DNA in transformed cells. Total cellular DNA extracted from the uncloned LPV-HE cells was analyzed for LPV DNA by the Southern technique (15) after cleavage with EcoRI. EcoRI does not cleave LPV DNA (16) and is therefore useful for detecting integrated LPV DNA sequences, since they would most likely migrate together with high-molecular-weight cellular DNA fragments. EcoRI-digested total DNA gave rise to two bands (Fig. 5, lane 1) . The upper band migrated with high-molecular-weight cellular DNA fragments, and the lower band was at the same position as open, circular form II viral DNA. Uncleaved, superhelical viral DNA does not transfer efficiently to nitrocellulose filters and was therefore not detectable. The positions of form I and II LPV DNAs were determined with purified LPV DNA marker lanes that were visualized by staining with ethidium bromide (data not shown). Digestion with BamHI, which cleaves LPV DNA once (16) The presence of LPV DNA in the LPV-HE (E) and (F) cloned lines of transformed cells was also examined. Total cellular DNA purified from (F) cells and digested with EcoRI resulted in two bands (Fig. 5, lane 4) . A small amount ofform I DNA (lower band) and a much more intense upper band which migrated in the position of form II were detected. The intensity of this upper band indicated the possibility that this band contained a mixture of integrated LPV DNA containing cellular sequences and form II DNA which comigrated. Evidence that this was the case was obtained after BamHI digestion of total DNA which generated a prominent band migrating as form III linear DNA and two bands of integrated viral DNA with flanking cellular sequences, one of higher molecular weight than the 5.1-kilobase LPV genome and a second which was smaller than the LPV genome (lane 5).
After cleavage with HindlIl, which cleaves LPV DNA at two sites, generating 3,980-and 1,100-base-pair fragments (16) , two major bands corresponding to these sizes and two bands of integrated viral DNA with flanking cellular sequences were detected (lane 6).
The digestion patterns of total DNA extracted from LPV-HE (E) cells were essentially the same as those observed with uncloned cells (Fig. 5, lanes 7, 8, and 9) . To confirm the presence of free DNA in transformed (E) cells, the DNA was extracted by the hot-phenol method (8) , which is more efficient for the isolation of form I DNA. The digestion patterns of the DNA after cleavage with EcoRI, BamHI, HindIII, and PstI were compared with those of LPV form I DNA digested with the same enzymes. The fragments of digested DNA from transformed cells (lanes 10 to 13) were the same as those obtained with purified LPV DNA (lanes 14 to 17). These were also similar to those of the major bands obtained with total (E) cell DNA (lanes 7 to 9). PstI, which cleaves LPV DNA at two sites, generating 2,360-and 2,740-base-pair fragments (lane 17) , also cleaved the free DNA from transformed cells into the same size fragments (lane 13). These results indicated that most of the LPV DNA in (E) cells existed in nonintegrated free form and that the major restriction sites of the free DNA were conserved.
These results indicate that with the (E), (F) , and uncloned LPV-transformed cells, free and integrated viral genomes were present. Furthermore, the number of copies of free and integrated genomes in all three types of cells appeared to be very similar. It was previously reported that the T-antigens of LPV appeared to be immunologically unrelated to those of the other primate polyomaviruses (16, 20) based on the observation that SV40, BKV, and JCV T-antisera did not react with LPV-infected BJA-B cells. However, the relatively weak reaction of LPV-transformed cells with T-antisera of the other primate polyomaviruses shows that the LPV T-antigen has some immunological relationship to these viruses. LPV tumor serum from tumor-bearing hamsters also showed a weak, but definitely positive, reaction with SV40-, BKV-, and JCV-transformed cells. These data on the relatively minor antigenic relationship of the LPV T-antigens to those of the other primate polyomaviruses are consistent with a previous report (9) which showed that the early region of the LPV genome hybridized to the early regions of SV40 and BKV DNAs only under low-stringency conditions. Brade et al. (3) recently reported that SV40 T-antiserum immunoprecipitated a 90K protein from LPV-infected BJA-B cells and suggested that this protein was the T-antigen of LPV. This is different from the 84K LPV T-antigen which has been detected in lytically infected (14) and transformed cells.
DISCUSSION
The occurrence of free viral DNA as well as integrated viral DNA in polyomavirus-transformed cells appears to bc fairly common. Thus, free DNA has been found in cells transformed by polyomavirus (1, 19) , SV40 (8) , and BKV (7, 17, 18) . In the case of polyomavirus-transformed rat cells, the free DNA arises as a result of excision of integrated genomes (19) . On the other hand, with BKV-transformed hamster or human cells, the viral DNA appears to replicate autonomously as episomes since integrated viral DNA was not detected in these cells (17, 18) . The viral DNA in the LPV-transformed hamster cells is found preponderantly as free DNA. Since the amount of free DNA in both of the LPV-HE (E) and (F) cloned lines is approximately the same as in the parental line (approximately 10 copies per cell), it would appear that the viral DNA replicates autonomously.
The free DNA is the same size (5.1 kilobases) as the DNA of the input transforming virus, and the restriction pattern appears to be unchanged.
Cocultivation of permissive BJA-B cells with the LPVtransformed cells resulted in the rescue of LPV. We are not certain whether the origin of the rescued virus is from free or integrated viral DNA. Further detailed studies are necessary to determine whether the free viral DNA is infectious and unaltered from the parental virus. These studies are currently under way.
